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times and used for rest of experiments. All p62 mutant mice were bred by mating 10-to 20-week-old heterozygous male and female mice. Water and regular chow (LabDiet 5L79 containing 5.2 % fat) were available ad libitum, and all mice were handled in the AAALAC accredited Sungkyunkwan Medical School Animal Care Facility. Animal procedures complied with NIH guidelines and were approved by the Sungkyunkwan University Animal Care and Use Committee. Kaplan-Meier method was used to determine cumulative survival of wild-type and p62
-/-mice.
Aging phenotype analyses Lordokyphosis was evaluated by dorsal spine angles measured from X-ray radiographs (20 kV for 20 s) of anesthetized mice. Dorsal skins (n = 6 per group) were fixed, embedded in paraffin, sectioned in 4 m, and stained with haematoxylin and eosin. Serum concentrations of glucose and insuline were determined by the Fuji automated blood chemistry analyzer and RIA kits (Linco), respectively. For this, serum was prepared from the blood withdrawn from mice after fasting for 16 hr.
Indirect calorimetry Oxygen consumption was determined by indirect calorimetry (Butler et al., 2001 ) using a four-chamber calorimetry system (Oxymax, Columbus
Instruments) with one mouse per chamber. Mice were acclimatized to the chambers for 2 hr and oxygen consumption was recorded for 1 hr during the middle of light cycle.
Measurements were recorded every 20 sec with the room air reference taken every 30 min and the air flow to chambers 1 L/min.
GSH/GSSG in isolated tissues GSH/GSSG was measured by a GSH reductasemediated recycling assay, using a BIOXYTECH ® GSH/GSSG-412™ kit (Oxis International). Briefly, tissues from the 8-week-old male mice fed ad libitum were homogenized in an ice-cold 5 % metaphosphoric acid solution and centrifuged at 1000 x g for 10 min. Supernatants were immediately used to determine the total glutathione contents (GSH + GSSG). For instance, 5 µl supernatant was mixed with 355 µl assay buffer (100 mM NaHPO 4 , 5 mM EDTA, pH 7.5), then with 1.262 mM 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) and 15 units/ml GSH reductase. The reaction mixture was incubated at room temperature for 5 min, added 3.8 µmol NADPH, and the absorbance was recorded at 412 nm for 3 min, using a spectrophotometer (Molecular Devices, Spectra MAX 340). GSSG content was separately measured following the same protocol after GSH in homogenates was scavenged by 1-methyl-2-vinyl-pyridium trifluoromethane sulfonate. Concentrations of total and oxidized glutathiones were calculated using standard curves prepared with known amounts of purified GSH and GSSG. Analysis of tissue mitochondria Mitochondria were isolated by differential centrifugation and iodixanol density gradient centrifugation (Sharer et al., 2002) . Briefly, whole tissues were homogenized in the isolation buffer (10 mM Hepes, 250mM sucrose, 1 mM EDTA, pH 7.4, supplemented with protease inhibitor cocktail) and centrifuged twice at 2,000 x g for 5 min at 4ºC. Supernatant was then centrifuged at 17,000 x g for 10 min at 4ºC, and the resultant pellet suspended in the isolation buffer (P17; mitochondria-enriched fraction). The P17 fraction was further purified on an iodixanol gradient centrifugation using OptiPrep kit (Nycomed Pharm) and following protocols μM Oligomycin (Sigma) was also measured as controls for the mitochondria with low and high , respectively. In order to assess anti-oxidant response in the cell, the relative luciferase reporter activity (human Nqo1-ARE-luciferase vs. pRL-TK renilla luciferase) was measured at 24 hrs post-transfection of plasmids.
Measurement of oxidized macromolecules
Antibodies Antibodies used for this study include monoclonal anti-p62 antibody (Abnova), rabbit polyclonal anti-Keap1 antibody (Protein Tech Group), monoclonal anti--actin (Sigma), and rabbit polyclonal anti-Nqo1 antibody (Protein Tech Group).
RT-PCR.
Total RNA was isolated using RNeasy mini kit (Qiagen), and complementary DNA was prepared using PrimeScript RT reagent kit (Takara). Semiquantitative RT-PCR was performed on an GeneAmp PCR system 9700 (Perkin Elmer) according to the Supplementary Fig. S4 . Electrophile/oxidant-independent nature of p62-induced Nrf2 activation. A, p62 dose-dependent activation of anti-oxidant response (filled bars) was completely disappeared by Nrf2 knockdown (open bars) (* p < 0.01 and ** p < 0.001). B, Antioxidant response upon exposure for 6 hr to an electrophile, tertiary butylhydroquinone (tBHQ) in p62 +/+ and p62 -/-MEFs. C, Effect of an anti-oxidant, NAC, on p62-and tBHQ-induced antioxidant response (* p < 0.01). 
